The volatile components of steamed, microbially fermented, dried (product), and stored Toyama kurocha were analyzed by GCand GC/MS.The amounts of terpene alcohols increased and methylether phenolic compoundswere produced by natural fungal fermentation. Aliphatic alcohols, aldehydes, and ketones were greatly increased by solar drying. One hundred and twenty-five volatile components were identified in the stored sample. The formation of volatile phenolic compoundsproduced from ferulic acid and />-coumaric acid by Aspergillus niger and Leuconostoc mesenteroides was also investigated. Methylation of phenolic hydroxy group by Aspergillus niger was observed, similar to that of the fungal fermentation tea process. Leuconostoc mesenteroides could not methylate phenolic hydroxy groups.
Toyamakurocha is a tea that is microbially fermented by a natural fungus which is only native to Japan. It is consumed specifically on religious occasions or during meetings in the Asahi area in Toyamaprefecture. This tea is traditionally prepared to drink by boiling with water, adding salt, and stirring with a tea whisk as in a tea-ceremony.1>2) Toyama kurocha is classified as piled tea based on the following manufacturing process as shown in Fig. 1 : steaming, rolling, fermenting in a wooden frame (150 x 180 x 90cm) with a straw mat for 20-25 days, and solar drying for 2 days. The low water content ofToyama kurocha (66.5%) during fermentation causes fungal fermenta-
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Fermenting, 20-25 days Fermented tea [2] [3] Toyama kurocha (dried) 2) Instrumental methods. A Hitachi Model G-3000 gas chromatograph equipped with an FID and a 50mx 0.25mm PEG 20M fused WCOTcapillary column was used for GCanalysis. The peak area was integrated using a Hitachi D-2500 integrator. The oven temperature was held at 60°C for 4min and then programmed to 180°C at 2°C/min. The helium carrier gas flow rate was 30ml/min. The injector and detector temperature were 200°C and 210°C, respectively. A JEOL-JMS-DS 300 mass spectrometer interfaced to a Hewlett-Packard 5790 gas chromatograph was used for GC/MSanalysis. The GC conditions were the same as described for the GCanalysis. The GC Kovats index (K.I.) and MS fragmentation patterns of each component were compared to those of the published data.
3) Materials and cultivation. capillary column and FID was used for routine analysis.
The oven temperature was programmed from 80°C to 270°C at 3°C/min. The injector and detector temperatures were 240°C and 250°C, respectively. The carrier gas flow rate was 30ml/min. The peak areas were calculated with an SP4290 integrator. A Hewlett-Packard Model 5890 GC interfaced to a VGTrio-2 mass spectrometer was used for GC/MSanalysis. The GCconditions were the same as described above. The components were identified by matching their mass spectra and GCretention times with those of standard chemicals.
Results and Discussions 1) The volatile consituents of Toyama kurocha
Gas chromatograms of the aroma concentrates from each manufacturing stage of Toyama kurocha are shown in Fig. 2 . The identified components and concentrations of each compound calculated by yield (solventfree) and peak area percentage are listed in Table I . As shown in Fig. 3 , the composition and total amount of aroma at each manufacturing stage are extremely varied.
The aroma of the steamed sample was mainly composedof some terpenes, including large amounts of linalool, linalool oxide I
and II, and small amounts of a-terpineol, afarnesene, geraniol, and nerolidol. The microbial fermention treatment was very effective in increasing aroma constituents, especially the terpene alcohols. These terpene alcohols are produced from glycosides by hydrolysis.12'13) Linalool oxides were also increased by oxidation. Somemethylether phenolic compounds such as 1 ,2-dimethoxybenzene, 1 ,2,3-trimethoxybenzene, 2,6-dimethoxyphenol, and methyl 2-methoxybenzoate were produced by fungal methylate action from the precursors, catechol, gallic acid, and methyl salicylate, respectively. These methylether phenolic compoundshave a fungal odor and are characteristic components of piled tea. Aromatic compounds such as methyl salicylate, benzyl alcohol, 2-phenylethanol, phenylacetaldehyde, and acetophenone were also increased by fermentation.
After solar drying, more compounds were found than in the fermented sample. Aliphatic alcohols, aldehydes, and ketones such as l-octen-3-ol, l-penten-3-ol, pentanol, octanol, pentanal, hexanal, (£>2-heptenal, (E)-2,(E)-4- 16'17) In the sample that had been stored for 1 year, ketones such as (is)-3,(Z)-5-octadien-2-one, 6-methyl-(is)-3,5-heptadien-2-one, 6,10-dimethylundecanone, geranylacetone, and 6,10,14-trimethylpentadecanone, and acids such as valeric acid, hexanoic acid, heptanoic acid, octanoic acid, and nonanoic acid, were increased considerably by oxidation. One hundred and twenty-five components were identified in the stored sample. The aroma (stored for 1 year).
constituents of Toyamakurocha were composed of manydegradation products produced by microbial fermentation, photo-oxidation, and auto-oxidation. These degradation compounds contribute significantly to the complex aroma (sour, fungal, and sunny) of Toyama kurocha.
2) Volatile compounds produced from ferulic acid and p-coumaric acid by microbial organ isms As shown in Table II, This study showed that ferulic acid and /7-coumaric acid produced volatile phenolic compounds associated with microbial tea aromas. Further study is, however, required to understand more details of the biological pathways of microbial tea aroma formation.
